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Collection of Abbreviations, Units and Symbols 
Abbreviations 
GDP Gross domestic product 
GHG  Greenhouse Gases 
HFO Heavy fuel oil 
IMO International Maritime Organization  
LNG Liquefied natural gas 
MDO Marine diesel oil 
Roro / Ro-Ro Roll on – roll off cargo 
SI units Measurement units according to the International System of Units, the modern metric system 
TEU Twenty-foot equivalent unit 
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Units and Symbols 




 t Ton (1000 kg) 
 kt Kiloton (1000 t) 
Mt Megaton (1000.000 t) 
Gt Gigaton 
tkm Tonkilometer  
GT Gross tonnage 
CO2 Carbon dioxide 
CO2-Eq. Carbon dioxide equivalent 
l liter 
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1 Introduction 
The maritime part of all transport via the port of Rotterdam is linked to the brunt of 
all CO2 emissions (87 %) the port can potentially influence. See the following dia-
gram for a representation of emission shares of different modes of transport.  
 
Figure 1-1 Transport related CO2 emissions related to the Port of Rotterdam, own assessment 
This report aims to quantitatively grasp the maritime transport of the Port of Rotter-
dam, in terms of ships, total tonnages, energy consumption and CO2 emissions in re-
spect to types of cargo and regions. 
In the first and broad part of the report, the emissions and energy demands of sailing 
ships are assessed. Emissions and energy demand for the port itself are subject of a 
separate part at the end. 
Various studies focus on the global maritime sector. The International Maritime Or-
ganization (IMO) finds a clear correlation between maritime bunker fuels and gross 
domestic product (GDP), with both showing a visible trough from the 2009 recession 
(IMO 2015). At the same time, GHG (greenhouse gas) emissions went down, mainly 
(but not solely) caused by a change of fuel type, from HFO (heavy fuel oil) to a larger 
proportion of MDO (maritime diesel oil) and LNG (liquefied natural gas) - The IMO 
finds a significantly higher ratio of MDO usage compared to HFO in domestic navi-
gation, while international shipping remains largely HFO-based. Therefore, the CO2 
intensity of energy throughput by international shipping is higher than the CO2 in-
tensity by domestic navigation. For further details, see Figure 5-5 in the Appendix. 
This change in fuel quality towards fuels with a higher exergy density (unit of useful 
work per unit of mass) still yields further potential, but will eventually meet a limit. 
For a further reduction, more substantial strategies will need to be developed.  
Depending on the method of analysis, the IMO finds somewhat contradicting trends 
for CO2 emissions of global maritime transport – while their top-down approach via 
aggregate figures of fuel usage displays a slight increase in emissions, their bottom-
up approach shows a slight decline. 
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However, the CO2 emission share of the maritime sector (mainly but not solely 
caused by international shipping), which accounts for about 3 % of global CO2 emis-
sions from the combustion of carbon fuel, is declining, as shown in Table 1-1. This is 
mainly due to the rise of global emissions in the considered period 2007-2012 (IMO 
2015). 
 
Table 1-1 Global maritime CO2 emissions 2007-2012 in Mt, assessed by two different IMO methods 
(Data: IMO 2015)  
Marine sector  2007  2008  2009  2010  2011  2012 Average 
Top-down international total  625.5  624.0  596.4  647.5  648.9  - - 
Top-down domestic total  134.9  121.0  123.4  127.1  127.6  - - 
Top-down fishing total  20.8  19.2  19.3  19.2  19.0  - - 
Total CO2 emissions, top-down  781.2  764.1  739.1  793.8  795.4  - 775 
Bottom-up international total  884.9  920.9  855.1  771.4  849.5  795.7  - 
Bottom-up domestic total  196.5  196.2  112.6  133.3  159.7  131.4  - 
Bottom-up fishing total  18.6  18.0  10.2  10.0  12.3  11.0  - 
Total CO2 emissions, bottom-up  1100.1  1135.1  977.9  914.7  1021.6  938.1  1015 
Share of global fossil-fuel CO2 emissions 3.5 % 3.5 % 3.1 % 2.7 % 2.9 % 2.6 % 3.1 % 
 
For the Port of Rotterdam, the assessment of maritime CO2 emissions yields multiple 
interesting aspects: How big are the emissions directly caused by goods transferred 
via the port and how can these be divided into subcategories? How big are the overall 
emissions the port’s policies and regulations might have influence upon? It is pre-
cisely this second aspect, the potentially influential and therefore potentially reduci-
ble emissions, that should be of interest from the perspective of climate change. In 
the following, two different methods of assessment are presented and applied. In 
their introduction, the difference between an emission allocation by cause and an al-
location by reduction potential becomes more apparent.  
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2 Methodology  
For assessing the total CO2 emissions, two methods have been applied, which in 
some respects yield substantially different results. In the first approach, the list of all 
ships passing through Rotterdam was used, with specifications for each ship about its 
type-specific size. Though it was not possible to find data about the amount of freight 
each ship was loading or unloading, the deadweight tonnage (DWT) of these ships 
was possible to be used. This is valid under the assumption that all ships were full, 
both when arriving and when leaving. In the second approach, data about the freight 
and its origin or, respectively, its destination, was used. This was done without con-



















ping capacity and takes all ship travel into account, even the empty ships that arrive 
and, more frequently, those that leave Rotterdam after complete unloading. As the 
energy demand and CO2 emissions of these empty or largely unloaded ships are still 
significant, and as they are by and large in the same order of magnitude as fully load-
ed ships, an essential part of emissions is covered in the ship-based approach. In 
contrast, the freight-centered approach can not take this into account without further 
adjustment. Also, when a ship is only partially (un)loaded in Rotterdam, which is 
common practice for container vessels, the part of cargo that stays on-board is in-
cluded in the statistic. With this consideration, the derived figures for the ship-based 
approach can be regarded as an upper limit of the overall maritime CO2 emissions 
the Port of Rotterdam is directly causing by cargo processing. They are a sound esti-
mate of maritime CO2 emissions that the port of Rotterdam can influence (even if 
they can not be directly attributed to Rotterdam), but are yet probably also slightly 
too high. For utilization factors of various types of ships, see Table 5-1. 
For the bottom-up ship aggregation approach, the Port of Rotterdam provided data 
for all incoming and outgoing maritime vessels in 2015 (28 891 entries), including 
their GT (gross tonnage), DWT (deadweight tonnage), length, previous and next 
Figure 2-1 Schematic representation of the applied methods for 
CO2 emissions in relation to actual emissions 
CO2 emissions by freight-based approach,  
                for incoming and outgoing freight 
CO2 emissions by ship-based aggregation 
Assumed actual CO2 emissions, 
 for incoming and outgoing ships 
  (incoming / discharged)    (outgoing/loaded) 
(correction for empty 
bulk carriers) 
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port, covering some 2 000 different destinations. Also included were the type of 
shipment (“BULK”, “COMBI”, “DREDGING”, “FISHING”, “GEN CARGO”, “LNG”, “NAVY”, 
“OFFSHORE”, “OTHER”, “PASSENGER”, “PONTOON”, “SAIL”, “SALVAGE”, 
“TANKER”, “TUG”, UNKNOWN”, “WORKSHIP”, “YACHT“) and further cargo sub-
category specifications. The cargo specification (“BREAKBULK”, “CASCO”, “CON-
TAINERIZED”, “EMPTY”, “ENVIRONMENTAL_POLLUTANT_CARGO”, “FRO-
ZEN_CARGO”, “HAZARDOUS_CARGO”, “LIQUID_CARGO”, 
“NOT_HAZARDOUS_CARGO”, “OTHER_NON_CONTAINERIZED”, 
“OUT_OF_GAUGE”, “PALLETIZED”, “ROLL_ON_ROLL_OFF”, “TEMPERA-
TURE_CONTROLLED_CARGO”, “VEHICLES”) appears partly unclear and has not 
been further analyzed as it was not specified between the incoming and outgoing 
freight, which proved to be especially problematic for the entry “EMPTY”, as this was 
probably just an empty arrival or departure, most likely not both. As not all data sets 
are complete (for instance, some are lacking the DWT, some the ship category or 
subcategory data), strategies had to be found to circumvent distortions and to make 
optimal use of these entries. 
The ports were listed by name and not by International Port Code. This made the 
identification process more complex and lead to possible errors. The ports were iden-
tified and distances derived via online maritime route calculators (AIS Marine Traffic 
2017; Davis 2016) and Google Maps. Ambiguous ports: Where several ports exist 
with the same name these were identified by checking with the shipment type and 
with the other corresponding port (either port of origin or of destination) along the 
same shipment route in the data. From the multiple entries of this port name, the 
one with the highest seeming plausibility in combination with the corresponding port 
was picked. Example: “BRISTOL” was identified as the Port of Bristol, UK and not 
the Port of Bristol Bay, USA, by comparing it with the connected ports in the ship-
ment data (all European) and the type of shipment (generally “BULK” and also 
“ROLL_ON_ROLL_OFF”), which is almost entirely subject to the European short 
sea shipping. In this, it was assumed that there are no two actual ports assigned to 
the same port name in the data. The derived data in nautical miles was then convert-
ed to km, as all further considerations were done within SI-units. 99.64% of all port 
entries were successfully identified. For the remaining entries, a compensating emis-
sion factor was applied, following the assumption that the shipment entries have the 
same coverage ratio. Therefore, on all total aggregate values, a correction factor of 
1.0036 was multiplied. 
For the specific CO2 emissions in g/tkm and for energy usage, IMO data was used. 
The data for ship categories from IMO specifies between various types (“Chemical 
tanker”, “Container”, “General cargo”, “Refrigerated bulk”, “Bulk carrier”, “Service – 
tug”, “Chemical tanker”, “Ro-ro”, “Liquefied gas tanker”, “Oil tanker”, “Other liquids 
tankers”, “Ferry – ro-pax”, “Miscellaneous – other”, “Service – other”, “Vehicle”, 
“Cruise”, “Yacht”, “Offshore”, “Miscellaneous – fishing”) and multiple respective size 
classes (IMO 2015). For the entire list of IMO ship categories and sizes, see Figure 
5-1 to Figure 5-3. 
Where available, the ship subcategories of Rotterdam data were used to map the 
listed shipments to IMO ship categories. Where the subcategories were not available, 
the coarser ship categories were used. Depending on the IMO ship category, either 
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the GT or DWT of the Rotterdam data were used to map the shipments to the IMO 
ship sizes of the individual IMO ship categories. For container ships and vehicle 
transporters, the IMO size classifications first had to be converted to DWT. For this 
purpose, the number of TEUs (Twenty-foot equivalent unit, aka one standard con-
tainer) was matched to mass by assuming a standard weight of 12 t per container, as-
sembled by 10 t of freight plus 2 t for the container itself (den Boer et al. 2017)1. The 
average mass the vehicles was assumed to be 1.39 t (ICCT 2016)2. No standardized 
and generally applicable conversion scale from tank volume to DWT was found for 
LNG tankers, so that an average emission intensity value was used for all ship sizes.  
For shipments on inland routes and for pontoon shipments, emission intensity val-
ues were used for inland vessels, which are divided into three classes by length (den 
Boer et al. 2017). For more details, see Figure 5-4 in the Appendix. Assuming that 
these ships will generally use MDO as fuel, these energy demands are translated into 
fuel usage and CO2 emission intensities, with 2.66 kg CO2/l. Only the emissions from 
tank-to-wheel (T2W) are taken into consideration, but not the full well-to-wheel 
(W2W) emissions (Schmied und Knörr 2013). All energy demands refer to the final 
energy, not to the primary energy demands. If these were included, the total energy 
demand would increase substantially. 
Based on the IMO data, the fuel consumption and CO2 emissions behave proportion-
al to each other, with slight differences between the individual types of ships; to get a 
relatively good estimate of total fuel consumption even when only emission data is 
available, a factor of 3 is reasonable (3 t CO2 per t of fuel) and yields data in line with 
the overall precision of this assessment (the average emission intensity of all ship 
types is 3.26 tCO2/tfuel, the median is 3.02 tCO2/tfuel).  
It proved unfeasible to distinguish between feeder transport and other modes of 
short sea shipping based on the data. Therefore, only two modes were used for dif-
ferentiation: European short sea shipping and deep sea shipping. This distinction is 
done according to the classification used by Eurostat – which basically includes all 
continental European countries, the United Kingdom and Ireland as well as all the 
Baltic, Mediterranean and Black Sea countries (Eurostat 2017). For the detailed list, 
see Table 5-2 in the Appendix. However, most deep sea shipping vessels pass  
through more than one European port on their journey. In order to distinguish be-
tween these deep sea shipping passages and normal short sea shipping, both the port 
of origin and the port of destination have been considered. In the unambiguous cases 
where both routes belong to the European short sea shipping area, this mode has 
been assigned to overall shipment. In cases where at least one route transcends this 
short sea shipping area, the entire shipment has been assigned to deep sea shipping. 
A further differentiation has been made to evaluate the number, DWT, tkm, CO2 
emissions, and emission intensity for the different types of shipment in respect to the 
–––– 
1 “Voor 1 TEU (20 ft container) is een gemiddeld ladinggewicht van 10 ton genomen en een gemiddeld containergewicht van 2 
ton. Voor de 40 ft en 45 ft containers is dit gewicht lineair opgeschaald." (den Boer et al. 2017) 
2 "The average mass of new cars in the EU remained about constant, at 1 390 kg in 2014. Ten years earlier, the average weight 
was around 1 330 kg. As in previous years, both the German and Swedish new car fleets were significantly above the EU 
average, at 1 474 and 1 574 kg respectively. In contrast, French, Italian and Dutch consumers opted for significantly lighter 
cars (1 303, 1 319, and 1 299 kg respectively)." (ICCT 2016) 
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modes (total, deep sea and short sea shipping) as well as to countries, regions and 
larger continental regions.  
These derived emission intensities for shipments to different regions were then fed 
into the aggregated freight approach, which starts with an inventory, supplied by the 
Port of Rotterdam, about all goods discharged or loaded form and onto maritime 
vessels in 2015, with their assigned origins or final port destinations. For Central 
Asia, there was no emission intensity available from the shipment-based approach, 
as no Central Asian destination was reached directly from Rotterdam. Therefore, the 
value for Eastern Europe and Northern Asia (4.40 g/tkm each) was used. Entries of 
goods with unknown origin or destination (13.59 Mt cargo, about 3.0 % of the total) 
and other incorrect entries are not included in the emission statistics, but are added 
to the total values as a correction factor of 1.041. This approach yields the advantage 
of being able to actually track the goods all the way to their final destination, irre-
spective of other ports that the ship could enter along its route, and more accurately 
represents the actual amount of goods changing their devices of transport in Rotter-
dam. However, it is blind to the size of the actual ships and the potential resulting in-
efficiencies of empty or only partially loaded ships and works with the assumption of 
perfect ship sizes for the transported goods. Thus, while in the first approach, the 
amount of goods has been adjusted to the ships’ capacities, the second approach 
adapts the ship's sizes and capacities to the transferred cargo. 
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3 Findings 
For the aggregated total CO2 emissions, the two approaches yield substantially differ-
ent results, as shown in Table 3-1 and further explained in Figure 3-1.  
Table 3-1 Key results of both assessment methods 
n  Bottom-up via ship data Aggregate freight data approach, unad-justed 
Total CO2, in Mt 21.47 14.37 
Total DWT in Mt 1627.3 471.6 
Aggregate tkm 4.62*10^12 3.35*10^12 
CO2 Emission intensity in g/tkm 4.90 4.97 
 
While the aggregate 
tkm value lies in 
the same order of 
magnitude for both, 
the total freight (for 
the ships, the DWT 
is used) differs 
strongly, almost by 
a factor of 4. The 
total weight of 
freight is relatively 
well in line with the 
values reported by 
Eurostat for Rot-
terdam (436.9 Mt in 
2015; see also Table 
3-10).  
This shows the difference in methods, but also shows that only about one forth of the 
shipment capacity is included in the aggregated freight assessment assessment– re-
gardless of whether these are actually used (as in the case of container ships some of 
the other transports that might only be partially unloaded or reloaded in Rotterdam) 
or whether they are empty transports (as is the case for bulk freighters in particular, 
which are often only unloaded but not reloaded in Rotterdam). This is also mirrored 
in the capacity utilization of other studies, see Table 5-1. Due to the large share of 
empty shipments, bulk carriers are only utilizing roughly half their tkm-capacity. 
It would also be erroneous to assume that only the (smaller) CO2 emissions of the ag-
gregate freight approach would be caused by the Port’s transfer of goods – since the-
se are empty shipments, which are inherently part of the overall ship's movements 
and are unavoidable if there is no balance between incoming and outgoing bulk 
transport. With an additional correction for bulk transporters, which is explained in 
more detail at the end of chapter 3.2.1 (page 31ff.), empty travels of bulk carriers are 
included in the aggregate freight approach. This increases the total emissions to 19.1 
Figure 3-1 Schematic results for total CO2 emission assess-
ment via both methods 
CO2 emissions by aggr. freight approach: 14.4 Mt 
for incoming (9.8 Mt) and outgoing (4.5 Mt) 
freight 
CO2 emissions by bottom-up ship aggregation: 21,5 Mt 
Assumed actual CO2 emissions, 
 for incoming and outgoing ships 
  (incoming / discharged)    (outgoing/loaded) 
Correction for empty 
bulk carriers (4.8 Mt) 
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Mt, or 89 % of the value of the ship's approach. If the same assumptions also apply to 
all types of freight, the value rises to 20.0 Mt or 93 % of the ship approach.  
With a different adjustment method using ship type-specific capacity utilization fac-
tors (see Table 5-1 and Table 3-9) the CO2 emission values of the aggregated freight 
approach increase by 168 % to 24.2 Mt, or 112 % of those estimated by the ship ap-
proach. However, this seems to lead to a certain double discounting, as some effi-
ciency lacks should already be included in the empirical IMO fuel and emission in-
tensities on which this assessment is based.  
If not noted otherwise, the results refer to the first approach, the assessment by 
shipment aggregation. 
The whole assessment is mainly based on CO2 emissions. As briefly discussed in the 
previous chapter, however, an estimation of the fuel consumption can be derived 
from this by using an emission intensity value of 3 tCO2/tfuel. This corresponds to the 
value of 3.08 tCO2/tfuel used by the Ecoinvent Centre (Ecoinvent 2012b). This yields to 
a total fuel consumption of 7.1 Mt of fuel (mainly HFO) for the bottom-up ship ap-
proach, and 6.4 Mt of fuel (also mainly HFO) for the aggregate freight approach. 
 
3.1 Regional differentiation 
The total average of CO2 emission intensity is estimated at 4.90 g/tkm, an overview over the different 
aggregate regions is given in Table 3-2 and Table 3-3 and is visualized in  
Figure 3-3.  
 



















































































































Total CO2 in Mt 2.050 0.976 0.416 0.004 0.201 0.004 0.001 0.014 1.930 2.220 0.193 0.001 0.262 0.772 0.989 
% of total  
CO2 emission 9.55 4.55 1.94 0.02 0.94 0.02 0.003 0.06 8.99 10.34 0.90 0.006 1.22 3.60 4.61 
Average CO2 per 
shipment in t 2 002 8 339 1 731 1 202 4 375 557 679 3 458 6 308 12 200 3 855 1 367 4 444 2 070 600 
Number of  
shipments 1 024 117 240 3 46 7 1 4 306 182 50 1 59 373 1 647 
Average distance 
of shipments  
in km  
5 103 11 664 7 092 9 591 8 574 4 867 7 367 14 591 16 011 20 364 13 308 17 333 21 303 8 215 3 152 
Total DWT in Mt 102.5 11.3 23.3 0.03 4.52 0.18 0.01 0.49 44.9 16.9 4.35 0.01 6.09 23.4 88.2 
Av. DWT in kt 100.0 94.0 96.4 10.7 88.6 26.0 7.1 122.0 144.4 92.3 87.1 11.8 101.5 62.9 53.6 
CO2 emission 
intensity  
in g/(t km) 
3.93 7.61 2.53 11.68 5.76 4.41 13.08 1.94 2.73 6.49 3.33 6.71 2.06 4.01 3.55 
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Total CO2 in Mt 0.317 1.410 0.790 0.269 1.140 0.185 1.699 1.124 1.328 0.329 
% of total  
emission 1.48 6.57 3.68 1.25 5.31 0.86 7.91 5.23 6.19 1.53 
Average CO2 per 
shipment in t 1 384 466 135 268 221 703 2 480 1 650 3 503 1 898 
Number of  
shipments 229 3 021 5 816 1 002 5 159 263 685 681 379 173 
Average distance 
of shipments in km  5 542 2 329 568 2 227 1 663 5 341 8 532 8 189 10 700 8 738 
Total DWT in Mt 13.6 90.5 246.4 27.3 106.7 5.90 38.3 39.6 39,0 18.5 
Av. DWT in kt 58.9 29.9 42.3 27.3 20.6 22.2 56.0 58.1 102.0 106.7 
CO2 emission 
intensity  
in g/(t km) 
4.24 6.71 5.66 4.42 6.46 5.92 5.19 3.47 3.21 2.04 
 
While the high emission intensities for the Atlantic destinations and for Eastern Afri-
ca should not be considered as strongly corroborated due to their low statistical base 
(only very few individual shipments), the high emission intensities for Southern Afri-
ca and for many European destinations become apparent. Overall, short sea ship-
ping, especially for the short routes in Western, Northern and Southern Europe 
causes higher emission intensities as longer distances, which might partly be due to 
the higher efficiency pressure on longer total distances. 
 
























Larger continental regions         
Africa & adj. Oceans  59.9    13.2 % 
 
 479.8    14.3 %   2.35    16.4 % 
Asia  148.3    32.7 %  13 050     1 726.4    51.5 %  3.92     7.86    54.7 % 
South and East Asia & Oceania  78.9    17.4 % 
 
 1 406.4    41.9 %   6.25    43.5 % 
North and Western Asia  75.7    16.7 % 
 
 457.1    13.6 %   1.89    13.2 % 
Europe  147.7    32.6 %  2 976     215.5    6.4 %  5.69     1.36    9.4 % 
Western Europe  60.5    13.4 %  1 370     48.3    1.4 %  7.70     0.37    2.6 % 
Europe without West  87.2    19.2 % 
 
 167.1    5.0 %   0.98    6.8 % 
North America  42.7    9.4 %  8 495     339.4    10.1 %  3.77     1.27    8.8 % 
South America  48.0    10.6 %  10 183     454.7    13.6 %  2.48     1.24    8.6 % 
Total  453.0    100 %  8 824     3 352.9    100 %  4.99     14.37    100 % 
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Regions         
North Africa  22.28    4.9% 4 592  128.4    3.8%  3.89     0.50    3.5% 
East Africa  1.21    0.3% 14 170  17.4    0.5%  11.68     0.20    1.4% 
Central Africa  6.40    1.4% 9 211  56.9    1.7%  5.76     0.33    2.3% 
West Africa  18.90    4.2% 6 458  138.6    4.1%  2.53     0.35    2.4% 
Southern Africa  9.99    2.2% 11 460  123.4    3.7%  7.61     0.94    6.5% 
Central Atlantic  0.26    0.1% 5 434  1.3    0.0%  4.41     0.01    0.0% 
Indian Ocean  0.85    0.2% 15 444  13.8    0.4%  1.94     0.03    0.2% 
South Asia  4.26    0.9% 12 926  54.7    1.6%  3.33     0.18    1.3% 
Southeast Asia  33.91    7.5% 16 495  541.2    16.1%  2.73     1.48    10.3% 
East Asia  33.53    7.4% 19 851  659.9    19.7%  6.49     4.28    29.8% 
South Pacific  0.03    0.0% 18 608  0.5    0.0%  6.71     0.00    0.0% 
Oceania  7.20    1.6% 19 794  150.0    4.5%  2.06     0.31    2.1% 
Western Asia  23.38    5.2% 9 371  253.8    7.6%  3.95     1.00    7.0% 
Central Asia  0.21    0.0% 6 982  1.5    0.0%  3.30     0.00    0.0% 
Northern Asia  52.16    11.5% 3 870  201.9    6.0%  4.40     0.89    6.2% 
Central Europe  10.36    2.3% 816  6.3    0.2%  5.65     0.04    0.2% 
Eastern Europe  9.80    2.2% 3 562  36.8    1.1%  4.40     0.16    1.1% 
Western Europe  60.53    13.4% 1 370  48.3    1.4%  7.70     0.37    2.6% 
Northern Europe  53.22    11.8% 2 203  81.6    2.4%  6.45     0.53    3.7% 
Southwestern Europe  10.58    2.3% 2 449  26.2    0.8%  6.70     0.18    1.2% 
Southcentral Europe  1.77    0.4% 5 296  8.5    0.3%  5.88     0.05    0.3% 
Southeastern Europe  1.45    0.3% 5 534  7.8    0.2%  4.31     0.03    0.2% 
North America West  3.45    0.8% 11 790  44.1    1.3%  5.19     0.23    1.6% 
North America East  38.75    8.6% 8 038  291.2    8.7%  3.53     1.03    7.2% 
South America West  18.69    4.1% 10 798  183.9    5.5%  2.04     0.37    2.6% 
South America East  29.78    6.6% 9 038  274.9    8.2%  3.20     0.88    6.1% 
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Figure 3-2 Relative aggregate freight, tkm and CO2 emissions by larger continental region via the 
aggregate freight approach; the CO2 emission intensities are presented for a different 
regional set 
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Table 3-4, 3-5 and Figure 3-2 show freight tonnage, tkm, CO2 emissions and emis-
sion intensities with regional differentiation derived via the aggregate freight ap-
proach. As illustrated in the top left graph of Figure 3-2, the freight tonnage is rather 
evenly distributed between Europe, Asia, and as a third part South America and Afri-
ca with the adjacent Oceans. Due to the shorter distances, the emissions per unit of 
freight are substantially lower in Europe than for the other regions. Asia and there 
most significantly East Asia carry the largest share of total tkm and CO2 emissions. 
71 000% 
Especially South and East Asia, and Western Europe appear very different when both 
approaches are compared – while the aggregate freight approach shows small shares 
in respect to tkm and CO2 emissions,  the shipment aggregation suggests large shares 
for Western Europe (see  Figure 3-9 to Figure 3-11). In this, there is a likely distortion 
that part of the (containerized) deep sea shipping to destinations like East Asia is as-
signed to European short sea shipping, when both before and after the Port of Rot-
terdam other European ports are passed by the freighter. 
 
Figure 3-3 Average CO2 emission intensities in g per tkm by region 
In Table 3-6, the previously presented regions analyzed with the shipment aggrega-
tion method are aggregated to larger continental regions.  




































Total CO2 in Mt 3.67 4.61 1.76 6.37 2.84 4.11 6.95 2.82 1.66 4.48 21.47 
% of total CO2 emission 17.07 21.46 8.20 29.66 13.24 19.15 32.40 13.15 7.72 20.87 100 
Av. CO2 per shipment in t 2577 7769 876 2448 130 297 249 2097 3056 2429 746 
Number of shipments 1422 593 2008 2601 21780 13827 27917 1346 542 1844 28789 
Av. distance of shipments in km  6228 17775 4111 7259 548 1631 1189 8485 10273 9214 2702 
Total DWT in Mt 142.3 72.3 111.6 183.9 675.3 490.4 1165.7 77.9 57.4 135.4 1627.3 
Av. DWT in kt 99.4 120.4 55.6 70.5 30.9 35.4 41.6 57.9 105.4 73.3 56.3 
CO2 emission intensity in g/tkm 4.16 3.63 3.84 4.78 7.70 5.16 5.03 4.27 2.82 3.60 4.90 
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The Western European region in particular shows a specifically high emission inten-
sity. At the same time, this region also yields the highest aggregate DWT, while the 
average DWT of individual shipments is the lowest. Especially the furthest regions 
with the high average distances of Africa, South and East Asia and South America 
show very high average ship sizes in terms of DWT and low emission intensities. 
However, these regions also yield the highest average CO2 emissions per shipment. 
In terms of total CO2 emissions, Europe has the largest share of the worldwide ship-
ments to and from Rotterdam, accounting for around one third of total CO2 emis-
sions.  
In Figure 3-4 to Figure 3-11 further aspects are graphically represented. To assess the 
statistical deviation, standard deviations were calculated for both the DWT and the 
CO2 emissions. Figure 3-5 includes the standard deviation for individual trips in 
terms of CO2 emissions. In Figure 3-6, the deviation in terms of emission intensity i = 
e/(d*t) was calculated as  
Δi = | 1/(d*t) | * Δe + | e/(d*t2) | * Δt 
with the emission intensity i, average emissions e, average distance d, average 
deadweight tonnage t. These values should not be read as uncertainties in the data, 
but rather as a display of the large deviations between the individual shipments. 
 
Figure 3-4 Average CO2 emissions in t per individual trip 
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Figure 3-5 Average CO2 emissions per individual trip (with standard deviation) 
The total average of CO2 emission per trip is 748 t. 
 
Figure 3-6 Average CO2 emission intensities in g/tkm by regions (with standard deviation) 
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Figure 3-7 Number of shipments by regions 
 
 
Figure 3-8 Number of shipments by regions (logarithmic) 
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Figure 3-9 Relative number of shipments by regions 
Total: 28 789 shipments, 21.5 Mt CO2 
Background Report PoR Transport – WP 4.1 Findings 
 
Wuppertal Institute | 25 
 
Figure 3-10 Relative CO2 emissions by larger regions/continents 
 
Figure 3-11 Relative CO2 emissions by regions 
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3.2 Shipping types and modes 
3.2.1 Shipping types in global perspective 
The aggregate freight approach provides a sound overview of the goods changing 
modes of transport in Rotterdam. Table 3-7 provides an overview of these goods in 
respect to the broader categories, and whether these are discharged or loaded, graph-
ic illustrations are provided in Figure 3-12. 
Table 3-7 Freight, tkm and CO2 emission results from aggregate freight data 




 dischar-ged loaded total 
dischar-
ged loaded total 
dischar-
ged loaded total in g/tkm 
Containers  54.1     55.6     109.6     597.5     477.6     1.075.1     3.14     2.42     5.56     5.17    
Dry Bulk  79.9     9.4     89.3     723.3     22.1     745.4     2.63     0.10     2.73     3.66    
Liquid Bulk  174.8     53.9     228.7     910.9     442.7     1.353.6     3.69     1.47     5.16     3.81    
Other general 
cargo  12.2     9.9     22.1     66.9     95.9     162.8     0.35     0.46     0.80     4.92    
Ro-ro     2.7     14.7     17.4     4.0     12.0     16.0     0.03     0.09     0.12     7.38    
all freight  323.6     143.5     471.6     2 302.6     1 050.3     3 352  9.83     4.54     14.37     4.28    
In percentage of respective total: 
Containers 11.6% 11.9% 23.5% 17.8% 14.2% 32.1% 21.9% 16.8% 38.7% 121% 
Dry Bulk 17.1% 2.0% 19.1% 21.6% 0.7% 22.2% 18.3% 0.7% 19.0% 85% 
Liquid Bulk 37.4% 11.5% 49.0% 27.2% 13.2% 40.4% 25.7% 10.3% 35.9% 89% 
Other general 
cargo 2.6% 2.1% 4.7% 2.0% 2.9% 4.9% 2.4% 3.2% 5.6% 115% 
Ro-ro    0.6% 3.2% 3.7% 0.1% 0.4% 0.5% 0.2% 0.6% 0.8% 172% 
all freight 69.3% 30.7% 100.0% 68.7% 31.3% 100.0% 68.4% 31.6% 100.0% 100% 
 
It is apparent that ratio of incoming to outgoing containers is relatively balanced, 
while both dry and liquid bulk are primarily incoming goods. This hints at the fact 
that a large share of empty bulk transport ships are leaving Rotterdam, which are not 
accounted for in the aggregate freight approach (their CO2 emissions are assumed to 
be zero). Roll on – roll off cargo is mostly outgoing from Rotterdam. 
Due to these restrictions, the CO2 emissions of incoming goods are more than twice 
as high as those of outgoing goods, without taking into account the emissions caused 
by the transport of goods that are only passing through Rotterdam, but stay on board 
the ships – these are not registered to this method of accounting, nor are other ships 
that do not carry cargo.  
Background Report PoR Transport – WP 4.1 Findings 
 
Wuppertal Institute | 27 
 
Figure 3-12 Relative tonnages, tkm and CO2 emissions and emission intensity of freight transferred in 
respect to type, via aggregate freight approach 
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With the shipment-based first approach and differentiation by shipment type, the 
values appear mostly in line with the relative shares. Figure 3-13 to Figure 3-17 pro-
vide an overview.  
 
Figure 3-13 Relative number of shipments by type 
In total, 28 789 shipments are listed for 2015 and are distributed according to Figure 
3-13. 
The CO2 emission intensities are consistent with other and older sources, taking effi-
ciency improvements into consideration. For the time period 1992-2000, the Swiss 
Ecoinvent Centre reports average CO2 emission intensities of 4.0 g/tkm for transoce-
anic tankers (Ecoinvent 2012a) and 7.8 g/tkm for transoceanic freight ships 
(Ecoinvent 2012b).  
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Figure 3-14 CO2 emission intensity in g/tkm, for different shipping types (two scales) 
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Figure 3-15 Relative aggregate DWT by type of shipment 
 
Figure 3-16 Relative aggregate distances travelled by type of shipment 
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Figure 3-17 Relative CO2 emissions by type of shipment 
Total: 21.5 Mt CO2 
 
If empty shipments are included in the aggregate freight approach, the numbers 
change significantly. In line with the differentiation by shipment type, shown in Fi-
gure 3-12, there are large differences between the discharged and loaded amounts of 
freight, as well as for the corresponding tkm values and CO2 emissions. 
Table 3-8 Differences in discharged and loaded bulk freight, in shares of the total volumes 
n  liquid bulk n  n  dry bulk n  n  n  
n  loaded discharged diff. loaded discharged diff. total diff. 
Freight amount 11% 37% 26% 2% 17% 15% 41% 
tkm 13% 27% 14% 1% 22% 21% 35% 
CO2 emissions 10% 26% 16% 1% 18% 17% 33% 
 
Empty ships show a relatively similar fuel consumption to fully loaded ships 
(Bialystocki und Konovessis 2016; Lu et al. 2013). It is therefore a reasonable estima-
tion to add the estimated 33% of additional CO2 emissions caused by the engines of 
empty bulk ships as they travel back to their ports of loading. With this, the total val-
ue of CO2 emissions in the analysis via the aggregate freight approach raises by 33 %, 
from  14.4 Mt to 19.1 Mt CO2. 
In this correction, container ships and other less significant types of freight are not 
included. For container ships, it is less straight-forward to facilitate such an assess-
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ment, as these ships more commonly discharge or load only parts of their overall 
freight in one port at a time. 
With this considerations, the CO2 emissions in the adjusted aggregate freight ap-
proach account for 89 % of the emissions estimated using the shipment approach. 
Furthermore, the incoming and outgoing shipments display rather similar emissions. 
This is shown schematically in Figure 3-18.  
If the same adjustment is done for all shipments (for each type, the larger value of 
the incoming or outgoing freight is selected, which is the incoming value for most 
goods), the overall emissions rise by 39 % to 20.0 Mt. 
 
Figure 3-18 Schematic representation of assessment approaches, with correction for adjusted aggre-
gate freight approach 
These findings are also supported by other studies (ifeu et al. 2016), see Table 5-1 for 
an overview of the utilization factors for various ship types. While bulk carriers gen-
erally yield a utilization of slightly over 50 %, general cargo vessels are at 60 % and 
container and ro-ro vessels at 70 %. These figures are not included in the above as-
sessment, but would further increase the fuel demand and emissions via the aggre-
gate freight approach and would even go beyond the values of the bottom-up ship-
ment approach. See an overview of both correction approaches in Table 3-9. As at 
least part of this adjustment represents a double-counting of already included ineffi-
ciencies, this value should only be considered as an additional and rough maximum 
estimate. The fuel demand and resulting emission intensity values of the IMO (IMO 
2015) already include a part of these capacity (under)utilization factors. 
 
 
CO2 emissions by adjusted aggr. freight appr.: 
19.1 Mt  
for incoming (9.8 Mt) and outgoing (9,3 Mt) 
freight 
CO2 emissions by bottom-up ship aggregation: 21,5 Mt 
Assumed actual CO2 emissions, 
 for incoming and outgoing ships 
  (incoming / discharged)    (outgoing/loaded) 
Correction for empty 
bulk carriers: 4.8 Mt 
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CO2 emissions in Mt 
With incoming/outgoing 
correction for bulk  
 
CO2 emission in Mt 
With incoming/outgoing cor-
rection for all cargo types 
CO2 emission in Mt 
With utilization  
correction 
 









Containers  3.14     2.42     5.56      5.56    6.28 70%  7.94    
Dry Bulk  2.63     0.10     2.73    5.26 *  5.26 55%  4.96    




 0.35     0.46     0.80    0.80    0.92 60%  1.33    
Ro-ro     0.03     0.09     0.12      0.12    0.18 70%  0.17    
all freight  9.83     4.54     14.37    19.12 *  20.02 60%  24.15    
In percentage of initial total emissions:    
Containers 21.9% 16.8% 38.7% 38.70% 44% 70% 55% 
Dry Bulk 18.3% 0.7% 19.0% 37% * 37% 55% 35% 




2.4% 3.2% 5.6% 5.60% 6% 60% 9% 
Ro-ro    0.2% 0.6% 0.8% 0.80% 1% 70% 1% 
all freight 68.4% 31.6% 100.0% 133% * 139% 60% 168% 
        
 
Respective graphs are shown in Figure 3-19. 
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Figure 3-19 CO2 emission shares of shipping types for presented adjustments of the aggregate freight 
approach  
3.2.2 Deep sea vs. short sea shipping 
While the number of short sea shipments widely exceeds that of deep sea shipments, 
as shown in the upper part of Figure 3-20, emissions are more evenly split with a 
slight overhang of deep sea shipping, as shown in the lower part of Figure 3-20, 
(12.04 Mt from deep sea shipping, compared to 9.42 Mt from short sea shipping). 
Comparison of adjustments to the aggregate 
freight approach
18.12.2017 Rotterdam: Decarbonised Transport 4 
5,56 5,56 6,28




 4,96   5,16
7,38
7,38
















aggr. freight appr., 
unadj.: 
14,47 Mt
adj. via empty bulk 
shipments: 
19,12 Mt
adj. via total shipment 
balance: 
20,02 Mt
adj. via capacity 
utilization factors: 
24,15 Mt
Container Dry Bulk Liquid Bulk Gen Cargo RoRo
21,5 Mt,  
via shipment 
approach 
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Figure 3-20 Relative number and relative CO2 emissions of shipments by mode 
The total evaluated shipment number for this is 28 789 shipments. In 2015, Rotter-
dam was the largest EU28 short sea shipping port with 8.2 % of the total weight of 
short sea shipping transport in the EU28 (Eurostat 2017). Table 3-10 provides a 
comparison of the gross weight goods reloaded in Rotterdam with those for the main 
ports in the EU28 region as a whole. As mentioned before, Eurostat data are compa-
rable to the data underlying the aggregate freight approach. 
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2006 184.4 2 561.2  168.4 1 099.8  353.6  3 715.6   0.7 54.6  
2007 186.2  2 613.3 186.6 1 152.4 374.2  3 824.3   1.4  58.6   
2008 177.3  2 572.3  206.8  1 189.2  384.2  3 815.0   0.2  53.4   
2009 173.3  2 318.4  180.4     984.8  353.9  3 357.4    0.1 54.2   
2010 194.4  2 442.6  200.9  1 066.9  395.8  3 553.9    0.4  44.3   
2011 172.3  2 438.8  206.8  1 148.3 396.5  3 648.1  17.4  61.0   
2012 189.6  2 409.1 212.7 1 164.5  409.7  3 626.6    7.4  53.0   
2013 188.2 2 400.3 216.7 1 179.3  414.8  3 633.9  10.0  54.3   
2014 195.1 2 457.2 223.8  1 191.8  421.6  3 699.9    2.8  50.8   
2015 203.7 2 485.0 219.9  1 181.8 436.9 3 760.2 13.3 93.5  
          
 
The Eurostat numbers for freight transport in Table 3-10 are only around one forth 
of those derived from the Rotterdam ship data (here: total DWT 1627.3 Mt). This is 
due to the different assessment methods. Since Eurostat only uses data regarding the 
main ports (more than 1 Mt of goods or 200 000 passengers annually), the numbers 
should be too low, but the deviation from the aggregate freight approach (448.6 Mt) 
is within an acceptable range.  
 
 
Figure 3-21 CO2 emission intensity in g/tkm, for different shipping modes 
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Figure 3-22 CO2 emission intensity in g/tkm, for different shipping modes and types. Green: total 
shipments; red: deep sea s.; blue: short sea shipping (three scales) 
While the total CO2emissions of deep sea shipping are visibly higher than those of 
short sea shipping (see Figure 3-20), the emission intensity is reverse, as shown in 
Figure 3-21: while deep sea shipping emits 4.5 g/tkm, European short sea shipping 
has about double this value, with 9.1 g/tkm. The overall average emission intensity is 
with 4.7 g/tkm close to the one from deep sea shipping. This is largely due to the 
much smaller vessels with an average DWT of 22 833 t for short sea shipping, vs. 
75 797 t  for deep sea shipping. The very high emission intensities (see Figure 3-22) 
for cruising ships and service vessels are understandable due to their small cargo ca-
pacity. The extremely high values for “other liquid tankers” appear to require further 
investigation, but might be an artifact of the inland-bound transports. Roll-on-roll-
off cargo is a rather emission intensive mode of transport, that has its primary ad-
vantages in fast loading and discharging. Innovations in improved modal transfer 
technologies might help reduce these emissions.  
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3.2.3 Deep sea shipping, differentiated by type 
 
Figure 3-23 Relative number of shipments by type, for deep sea shipping 
The total number of deep sea shipments is with 3030 shipments much smaller than 
the one for short sea shipping. The most of these consist of bulk shipments. 
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Figure 3-24 Relative aggregate deadweight tonnage and distances travelled by type of shipment, for 
deep sea shipping 
Background Report PoR Transport – WP 4.1 Findings 
 
Wuppertal Institute | 41 
 
Figure 3-25 CO2 emission intensity in g/tkm, for different shipping types for deep sea shipping (two 
scales) 
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Figure 3-26 Relative CO2 emissions by type of shipment, for deep sea shipping 
With a total of  12.04 Mt CO2, bulk shipments take up about half of these. Fossil bulk 
(oil derivates, gas and coal) are a substantial part of deep sea shipping. 
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3.2.4 Short sea shipping, differentiated by type 
 
Figure 3-27 Relative number of shipments by type, for short sea shipping 
With 24 172 shipments in 2015, European short sea shipping causes the brunt of Rot-
terdam’s discharging and loading activities. In terms of shipments as shown in Figu-
re 3-27, bulk makes up about half of all shipments. In terms of DWT, this split ap-
pears to stay roughly the same. This is in contrast with the Eurostat data shown in 
Table 3-11, where containerized shipping appears to be negligible or non-existent. 
This aspect might require further investigation. In terms of CO2 emissions (total: 
9.44 Mt CO2) bulk takes up the largest share, as shown in Figure 3-31.  
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Figure 3-28 Relative aggregate deadweight tonnage by type of shipment for short sea shipping 
 
Table 3-11 Gross weight of goods transported to/from main ports, by short sea shipping, by type of 
cargo, Netherlands in comparison with EU, in Mt (Data: Eurostat 2017) 
n  Total liquid bulk goods Dry bulk goods liquid bulk goods Ro-Ro Other cargo 











2006 253.0 1 834.9 150.7 907.1 39.8 365.4 29.6 192.5 15.4 233.6 17.4 161.4 
2007 259.3 1 865.5 153.1 904.1 42.7 364.7 31.0 209.2 15.4 247.5 17.1 139.9 
2008 250.8 1 861.8 149.3 899.9 41.1 364.6 29.8 217.6 15.3 239.1 15.2 140.7 
2009 243.8 1 691.2 151.6 843.7 37.3 340.1 27.1 196.4 12.9 202.8 14.9 108.1 
2010 275.9 1 764.7 164.8 854.7 47.4 344.6 33.7 211.2 13.9 228.6 16.2 125.6 
2011 242.3 1 787.1 147.3 829.1 46.7 359.4 32.5 231.8 5.5 238.5 10.3 128.3 
2012 265.6 1 775.9 155.2 816.3 39.1 356.1 34.9 241.3 17.6 233.9 18.8 128.4 
2013 262.9 1 756.6 148.4 785.8 39.2 349.0 33.6 248.8 15.9 237.8 25.8 135.1 
2014 272.1 1 791.6 155.8 780.6 40.1 364.5 34.6 268.0 16.4 239.5 25.2 139.1 
2015 286.2 1 808.5 166.7 811.8 44.4 364.0 32.5 263.8 18.4 246.0 24.3 208.7 
2015 
% of total 100.0 100.0 58.2 44.9 15.5 20.1 11.4 14.6 6.4 13.6 8.5 11.5 
 
100% 100% 58.2% 44.9% 15.5% 20.1% 11.4% 14.6% 6.4% 13.6% 8.5% 11.5% 
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Figure 3-29 Relative aggregate distances travelled by type of shipment, for short sea shipping 
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Figure 3-30 CO2 emission intensity in g/tkm, for different shipping types for short sea shipping (two 
scales) 
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Figure 3-31  Relative CO2 emissions by type of shipment, for short sea shipping 
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4 In-Port Emissions 
Additionally to the assessment of the maritime CO2 emissions which make up the by 
far largest share, we conducted an assessment of the emissions of hinterland 
transport (see report 4.2) and in-port activities. For both of these fields, literature 
values were used and combined with the data about freight tonnages and tkm sup-
plied by the Port. Further details about the assessments are given within each of the 
following sections for the specific part of in-port activities. 
Total CO2 emissions for container logistics within the Port of Rotterdam in 2015 are 
estimated by CE Delft to have been 961 kt. These were seen to consist of 584 kt for 
maritime transport, 43 kt for inland ships, 7 kt for rail transport, 114 kt for road 
freight and 214 kt for the handling of goods within the port. (den Boer et al. 2017, p. 
5, 7) 
Note however, that these estimates cover only the container activities of the port. 
As shown in Figure 3-12, containerized freight makes up about 25 % of overall freight 
discharged or loaded in Rotterdam, while liquid bulk takes up about 50 % and dry 
bulk most of the rest. While liquid bulk is overall the most energy-efficient to handle, 
it is reasonable to assume that the overall CO2 emissions for in-port operations 
should be at least twice as high as those of pure container handling. 
When comparing with the Hamburg port, which has a freight throughput of about 
150 Mt, Rotterdam with its 453 Mt annual freight throughput should yield about 
1.3 Mt of annual CO2 emissions altogether for handling, re-loading of cargo, tugboats 
and berthed ships. 
4.1 Berthed Ships 
The CO2 emissions from berthed ships above 100 GT in Rotterdam accounted in 
2014 for 612 kt CO2 (Marin 2016, p. 40). 
4.2 Handling of Goods 
This category subsumizes all types of on-shore handling of goods, including cranes, 
trucks, conveyor belts, storage tanks and the like. Due to the large variety of emission 
sources, this category is necessarily incomplete and yields a potentially large margin 
of error. As a rough estimate, this could be up to 50 %. Data was provided by the Port 
of Rotterdam, that accumulated to roughly 450 kt of CO2, for which then a margin of 
error of +/- 200 kt was set. 
4.3 In-Port Traffic 
The CO2 emissions of sailing ships over 100 GT accounted for 203 kt in 2014 (Marin 
2016, p. 40). Note, however, that a large part of these emissions should already be in-
cluded in the emission statistic for seagoing ships in the previous chapters and de-
pend mostly on the drawn system boundary (the border of the port area). Therefore, 
these emissions were not additionally included in this assessment. Emissions from 
tug boats were not differentiated, but should be significantly lower than emissions 
from sailing seagoing freight vessels. 
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4.4 Total In-Port Emissions and Conclusion 
Adding up, berthed ships are the most significant contributor of in-port emissions 
with 612 kt of CO2. At the same time, these should also be the simplest to be avoided 
via shore-side electric energy supply systems. As the energy demand has comparably 
little volatility and power lines can be used, these systems do not require large-scale 
energy storage and can be installed gradually.  
The other large share is due to handling on land, including cranes, trucks and storage 
tanks, with about 450 kt +/- 200 kt. Depending on the operation mode, electrifica-
tion appears realistic either via battery-electric systems or direct electrification. 
For further sources such as tug boats, an additional 70 kt +/-50 kt have been added 
as a rough estimate, below the value of sailing freight ships within the port. Since 
these are mostly short-distance operation, it appears to be reasonable to assume that 
the combustion engines of these ships could be the first ones to be completely re-
placed be emission-neutral aggregates such as electric battery systems or hydrogen 
fuel cells. 
This adds up to 1130 +/- 250 kt CO2 for all in-port emissions, which can be complete-
ly avoided with significant investments through appropriate technological improve-
ments. The more parts are switched to direct electricity usage, the lower the overall 
energy demand for these operations, as losses and inefficiencies are reduced. 
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5 Annex: Other Data 
 
Figure 5-1 Emission specifics by ship type and size for 2012, part 1  
(Source: IMO 2015) 
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Table 5-1 Capacity utilization of sea transport for different types of ships (ifeu et al. 2016, p. 32) 
Vessel types  Trade lane / size class  Capacity utilization factor  
BC (dry, liquid and GC)  Suez trade  49%    
 Transatlantic trade  55%  
 Transpacific trade  53%  
  Panama trade  55%    
 Other global trade  56%  
 Intra-continental trade  57%  
 Great lake  58%  
Bulk carrier dry  Feeder (5 000 - 15 000 dwt)  60%  
 Handysize (15 000 - 35 000 dwt)  56%  
  Handymax (35 000 - 60 000 dwt)  55%  
    
Panamax (60 000 - 80 000 dwt)  55%  
 Aframax (80 000 - 120 000 dwt)  55%  
  Suezmax (120 000 - 200 000 dwt)  50%  
   
Bulk carrier liquid  Feeder (5 000 - 15 000 dwt)  52%  
  Handysize (15 000 - 35 000 dwt)  61%  
   Handymax (35 000 - 60 000 dwt)  59%  
    
Panamax (60 000 - 80 000 dwt)  53%  
  Aframax (80 000 - 120 000 dwt)  49%  
    
Suezmax (120 000 - 200 000 dwt)  48%  
  VLOC(+) (>200 000 dwt)  48% 
General cargo (GC)  All trades, all size classes  60%  
Container vessel (CC)  All trades, all size classes  70%  
Ferry / RoRo vessels  
  
All trades, all size classes  70%  
Note: BC = bulk carrier, GC = general cargo, CC = container cargo vessel.  
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Figure 5-2 Emission specifics by ship type and size for 2012, part 2  
(Source: IMO 2015) 
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Figure 5-3 Emission specifics by ship type and size for 2012, part 3 
(Source: IMO 2015) 
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Figure 5-5 International, domestic and fishing CO2 emissions 2007–2011 (million tons), using top-
down and bottom-up method, respectively (Source: IMO 2015) 
 
21 Januari 2017  4.J21 – Carbon footprint containerlogistiek haven van Rotterdam 2015 
   
De CO2-uitstoot per km berekenen we door het energiegebruik per km te 
vermenigvuldigen met de CO2-uitstoot per kWh. De CO2-uitstoot per kWh is de 
som van de WTT CO2-uitstoot van 20 gCO2/MJ = 72 gCO2/kWh en de TTW CO2-
uitstoot van 622 gCO2/kWh (CE Delft, 2016).  
 
Voor het energiegebruik per km is de verdeling van het aantal bezoeken van 
containerbinnenvaartschepen aan de haven van Rotterdam (HbR, 2016e) 
gecombineerd met het energiegebruik van representatieve scheepstypen  
(CE Delft, 2016). We hebben duwboten niet meegenomen. Het gewogen 
gemiddelde energiegebruik bepalen we zo op 38 kWh/km. 
 







Klein (<86m) 33% R.H.K. (Rijn-Herne-Kanaal) 
schip (96 TEU) (M6) 
29 
Middel (86-110m) 44% Groot Rijnschip (208 TEU) 
(M8) 
38 
Groot (>110m) 20% Verleng groot Rijnschip 
(272 TEU) (M9) 
46 
Duwboot 2% - - 
 
 
De totale CO2-uitstoot voor de containerbinnenvaart binnen het Rotterdamse 
havengebied in 2015 komt hiermee uit op 43 kton CO2. 
 
Tabel 17 Berekening totale CO2-uitstoot containerbinnenvaart haven van Rotterdam 
Grootheid (eenheid) Waarde Bron 
Aantal binnengekomen containerschepen binnenvaart HbR 
2015 (bezoek) 
19.000 (HbR, 2016b) 
Gemiddelde afstand voor extra terminals (km/bezoek) 15 (aanname) 
Totale afstand extra terminalbezoeken (km)  285.000   
Totale afstand aan- en afvaart (km)  1.398.050   
Totale afstand (km)  1.683.050   
   
CO2-uitstoot per kWh (gCO2/kWh) 694 (CE Delft, 2016) 
Gemiddeld energiegebruik per km (kWh/km) 38       
CO2-uitstoot per km (gCO2/km)           26.372   
   
CO2-uitstoot extra terminal bezoeken (kton CO2)  7   
CO2-uitstoot aan- en afvoer (kton CO2)  35   
Totale CO2 uitstoot (kton CO2)  43   
 
 
In Tabel 18 herhalen we de genomen aannames voor de berekening voor de 
binnenvaart. 
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Table 28 – International, domestic and fishing CO2 emissions 2007–2011 (million tonnes),  
using top-down method
Marine sector Fuel type 2007 2008 2009 2010 2011
International shipping HFO 542.1 551.2 516.6 557.1 554.0
MDO 83.4 72.8 79.8 90.4 94.9
LNG 0.0 0.0 0.0 0.0 0.0
Top-down international total All 625.5 624.0 596.4 647.5 648.9
Domestic navigation HFO 62.0 44.2 47.6 44.5 39.5
MDO 72.8 76.6 75.7 82.4 87.8
LNG 0.1 0.1 0.1 0.1 0.2
Top-down domestic total All 134.9 121.0 123.4 127.1 127.6
Fishing HFO 3.4 3.4 3.1 2.5 2.5
MDO 17.3 15.7 16.0 16.7 16.4
LNG 0.1 0.1 0.1 0.1 0.1
Top-down fishing tot l All 20.8 19.2 19.3 19.2 19.0
All fuels top-down 781.2 764.1 739.1 793.8 795.4
Table 29 – International, domestic and fishing CO2 emissions 2007–2012 (million tonnes),  
using bottom-up method
Marine sector Fuel type 2007 2008 2009 2010 2011 2012
International shipping HFO 773.8 802.7 736.6 650.6 716.9 667.9
MDO 97.2 102.9 104.2 102.2 109.8 105.2
LNG 13.9 15.4 14.2 18.6 22.8 22.6
Bottom-up international total All 884.9 920.9 855.1 771.4 849.5 795.7
Domestic navigation HFO 53.8 57.4 32.5 45.1 61.7 39.9
MDO 142.7 138.8 80.1 88.2 98.1 91.6
LNG 0 0 0 0 0 0
Bottom-up domestic total All 196.5 196.2 112.6 133.3 159.7 131.4
Fishing HFO 1.6 1.5 0.9 0.8 1.4 1.1
MDO 17.0 16.4 9.3 9.2 10.9 9.9
LNG 0 0 0 0 0 0
Bottom-up fishing total All 18.6 18.0 10.2 10.0 12.3 11.0
All fuels bottom-up 1,100.1 1,135.1 977.9 914.7 1,021.6 938.1
Across the set of years 2007–2012, CO2 emissions from international shipping range between approximately 
739 million and 795 million tonnes, according to top-down methods, and between approximately 915 million 
and 1,135 million tonnes, according to bottom-up methods. The trend in top-down totals has been generally 
flat or slightly increasing since the low point of the recession in 2009; the trend in bottom-up totals can be 
interpreted as generally flat (since 2010 at least, when AIS data coverage became consistently global).
Domestic navigation and fishing
The top-down results are explicit in distinguishing between fuel delivered to international shipping, domestic 
navigation or fishing. (Potential uncertainty in this explicit classification is discussed in Section 1.6.) Bottom-up 
methods do not immediately identify international shipping, so the consortium considered ways to deduct 
domestic navigation or fishing fuel from the total fuel estimates. For example, bottom-up results allow for 
categorical identification of fishing fuel by virtue of ship type.
For domestic navigation and fishing, some categories of vessel presumably would be devoted mainly to 
domestic navigation service, according to allocation method 2 in Section 1.2.8. To evaluate the quality of 
this method, the consortium visually inspected AIS plots of service vessels, passenger ferries, ro-pax ferries 
and other vessel types without respect to vessel size. The intensity of AIS reporting revealed generally local 
operations for service vessels, as expected. Service vessels were observed operating in international waters, 
but their patterns strongly conformed to EEZ boundaries as a rule. These were interpreted as non-transport 
services that would result in a domestic-port-to-domestic-port voyage with offshore service to domestic 
platforms for energy exploration, extraction, scientific missions, etc. Similar behaviour was observed for 
offshore vessels and miscellaneous vessel categories (other than fishing). Cruise passenger ships exhibited 
much more international voyage behaviour than passenger ferries (with some exceptions attributed to larger 
ferries); similar observations were made after visualizing ro-pax vessel patterns. Moreover, no dominant 
patterns of local operations for bulk cargo ships, container ships or tankers were identified.
The consortium mapped the set of AIS-observed but unidentified vessels and observed that these vessels 
generally (but not exclusively) operated in local areas. This led to an investigation of the available message 
data in these AIS observations. It was possible to evaluate the MMSI numbers that were unmatched with IHSF 
vessel information, at least according to the MMSI code convention. A count of unique MMSI numbers was 
made for each year and associated with its region code; only vessel identifiers were included.
Europe, Asia and North America were the top regions with unknown vessels, accounting for more than 85% of 
the umatched MMSI numbers on average across 2007–2012 (approximately 36%, 30% and 21% respectively). 
Oceania, Africa and South America each accounted for approximately 6%, 5% and 3% respectively. To 
evaluate whether these vessel operations might qualify as domestic navigation, the top-down domestic fuel 
sales statistics from IEA were classified according to these regions and the pattern of MMSI counts was 
confirmed as mostly correlated with domestic marine bunker sales. This is illustrated in Table 30, which shows 
that correlations in all but one year were greater than 50%. This evidence allows for a designation of these 
vessels as mostly in domestic service, although it is not conclusive.
Table 30 – Summary of average domestic tonnes of fuel consumption per year (2007–2012),  
MMSI counts and correlations between domestic fuel use statistics




2007 MMSI 2008 MMSI 2009 MMSI 2010 MMSI 2011 MMSI 2012 MMSI
Africa 430 4,457 7,399 2,501 3,336 10,801 13,419
Asia 9,900 18,226 23,588 15,950 12,530 82,198 112,858




4,800 14,100 48,261 16,104 22,590 26,878 55835
Oceania 430 3,903 7,188 4,135 5,200 13,889 21,320
South America 1,300 1,023 2,583 1,939 1,842 6,808 9,532
Grand total 19,900 55,565 112,387 8,301 120,829 234,953 301,250
1.5 Analysis of the uncertainty of the top-down and bottom-up CO2 inventories
Section 1.5 requires an analysis of the uncertainties in the emissions estimates to provide IMO with reliable 
and up-to-date information on which to base its decisions. Uncertainties are associated with the accuracy 
of top-down fuel statistics and with the emissions calculations derived from marine fuel sales statistics. 
Uncertainties also exist in the bottom-up calculations of energy use and emissions from the world fleet 
of ships. These uncertainties can affect the totals, distributions among vessel categories and allocation of 
emissions between international and domestic shipping. 
1.5.1 Top-down inventory uncertainty analysis
An overview of the twofold approach applied to top-down statistics and emissions estimates is provided. A full 
description of this approach is given in Annex 4. First, this work builds upon the QA/QC findings that suggest 
that sources of uncertainty in fuel statistics relate to data quality and work to quantify the bounding impacts of 
these. Second, this analysis quantifies uncertainties associated with emissions factors used to estimate GHGs 
using top-down statistics.
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Table 28 – International, domestic and fishing CO2 emissions 2007–2011 (million tonnes),  
usi g top-down method
Marine sector Fuel type 2007 2008 2009 2010 2011
International shipping HFO 542.1 551.2 516.6 557.1 554.0
MDO 83.4 72. 79.8 90.4 94.9
LNG 0.0 0.0 0.0 0.0 0.
Top-down international total All 625.5 624.0 596.4 647.5 648.
Domestic navigation HFO 62. 44.2 47.6 44.5 39.5
MDO 72.8 76.6 75.7 82.4 87.8
LNG 0.1 0.1 0.1 0.1 0.2
Top-down domestic total All 134.9 121.0 123.4 127.1 12 .6
Fishing HFO 3.4 3.4 3. 2.5 2.5
MDO 17.3 15.7 16.0 16.7 16.4
LNG 0.1 0.1 0. 0.1 0.1
Top-down fishing total All 20.8 9.2 9.3 9.2 9.0
All fuels t p-down 781.2 64. 739. 793.8 795.4
Table 29 – International, domestic and fishing CO2 emissions 2007–2012 (million tonnes),  
using bottom-up method
Marine sector Fuel type 2007 2008 2009 2010 2011 2012
International shipping HFO 773.8 802.7 736.6 650.6 716.9 667.9
MDO 97.2 1 2.9 1 4.2 102.2 109.8 105.
LNG 1 .9 15.4 14.2 18. 22.8 22.6
Bottom-up international total All 884.9 920. 855.1 771.4 84 .5 79 .7
Domestic navigation HFO 5 .8 57. 32.5 45.1 61.7 39.9
MDO 142.7 138.8 80. 88.2 98.1 1.6
LNG 0 0 0 0 0 0
Bottom-up domestic total All 96.5 96.2 112.6 133.3 159.7 13 .4
Fishing HFO 1.6 1.5 0.9 0.8 1.4 1.1
MDO 17.0 1 .4 9.3 9.2 10.9 9.9
LNG 0 0 0 0 0 0
Bottom-up fishing total All 8.6 8.0 10.2 10.0 2.3 11.0
All fuels bottom-up 1,100.1 1,135.1 977.9 914.7 1,021.6 938.1
Across the set of years 2007–2012, CO2 emissions from international shipping range between approximately 
739 million and 795 million tonnes, according to top-down methods, and between approximately 915 million 
and 1,135 million tonnes, according to bottom-up methods. The trend in top-down totals has been generally 
flat or slightly increasing since the low point of the recession in 2009; the trend in bottom-up totals can be 
interpreted as generally flat (since 2010 at least, when AIS data coverage became consistently global).
Domestic navigation and fishing
The to -dow  results are explicit in distinguishing between fuel delivered to international shipping, domestic 
navigation or fishing. (Potential uncertainty in this explicit classification is discussed in Section 1.6.) Bottom-up 
methods do not immediately identify international shipping, so the consortium considered ways to deduct 
domestic navigation or fishing fuel from the total fuel estimates. For example, bottom-up results allow for 
categorical identification of fishing fuel by virtue of ship type.
For domestic navigation and fishing, some categories of vessel presumably would be devoted mainly to 
domestic navigation service, according to allocation method 2 in Section 1.2.8. To evaluate the quality of 
this method, the consortium visually inspected AIS plots of service vessels, passenger ferries, ro-pax ferries 
and other vessel types without respect to vessel size. The intensity of AIS reporting revealed generally local 
operations for service vessels, as expected. Service vessels were observed operating in international waters, 
but their patterns strongly conformed to EEZ boundaries as a rule. These were interpreted as non-transport 
services that would result in a domestic-port-to-domestic-port voyage with offshore service to domestic 
platforms for energy exploration, extraction, scientific missions, etc. Similar behaviour was observed for 
offshore vessels and miscellaneous vessel categories (other than fishing). Cruise passenger ships exhibited 
much more international voyage behaviour than passenger ferries (with some exceptions attributed to larger 
ferries); similar observations were made after visualizing ro-pax vessel patterns. Moreover, no dominant 
patterns of local operations for bulk cargo ships, container ships or tankers were identified.
The consortium mapped the set of AIS-observed but unidentified vessels and observed that these vessels 
generally (but not exclusively) operated in local areas. This led to an investigation of the available message 
data in these AIS observations. It was possible to evaluate the MMSI numbers that were unmatched with IHSF 
vessel information, at least according to the MMSI code convention. A count of unique MMSI numbers was 
made for each year and associated with its region code; only vessel identifiers were included.
Europe, Asia and North America were the top regions with unknown vessels, accounting for more than 85% of 
the umatched MMSI numbers on average across 2007–2012 (approximately 36%, 30% and 21% respectively). 
Oceania, Africa and South America each accounted for approximately 6%, 5% and 3% respectively. To 
evaluate whether these vessel operations might qualify as domestic navigation, the top-down domestic fuel 
sales statistics from IEA were classified according to these regions and the pattern of MMSI counts was 
confirmed as mostly correlated with domestic marine bunker sales. This is illustrated in Table 30, which shows 
that correlations in all but one year were greater than 50%. This evidence allows for a designation of these 
vessels as mostly in domestic service, although it is not conclusive.
Table 30 – Summary of average domestic tonnes of fuel consumption per year (2007–2012),  
MMSI counts and correlations between domestic fuel use statistics




2007 MMSI 2008 MMSI 2009 MMSI 2010 MMSI 2011 MMSI 2012 MMSI
Africa 430 4,457 7,399 2,501 3,336 10,801 13,419
Asia 9,900 18,226 23,588 15,950 12,530 82,198 112,858




4,8 4,100 48,261 6,104 2 , 9 26,87 55 35
Oceania 430 3,903 7,188 4,135 5,200 13,889 21,320
South America 1,300 1,023 2,583 1,939 1,842 6,808 9,532
Grand total 19,90 55,565 112,3 7 8,301 120,829 234,953 30 ,25
1.5 Analysis of the uncertainty of the top-down and bottom-up CO2 inventories
Section 1.5 requires an analysis of the uncertainties in the emissions estimates to provide IMO with reliable 
and up-to-date information on which to base its decisions. Uncertainties are associated with the accuracy 
of top-down fuel statistics and with the emissions calculations derived from marine fuel sales statistics. 
Uncertainties also exist in the bottom-up calculations of energy use and emissions from the world fleet 
of ships. These uncertainties can affect the totals, distributions among vessel categories and allocation of 
emissions between international and domestic shipping. 
1.5.1 Top-down inven ry uncertainty analys s
An overview of the twofold approach applied to top-down statistics and emissions estimates is provided. A full 
description of this approach is given in Annex 4. First, this work builds upon the QA/QC findings that suggest 
that sources of uncertainty in fuel statistics relate to data quality and work to quantify the bounding impacts of 
these. Second, this analysis quantifies uncertainties associated with emissions factors used to estimate GHGs 
using top-down statistics.
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Table 5-2 Regions within the European Short Sea Shipping Area (Source: Eurostat 2017) 
The following sea regions have been taken into account to group the short sea shipping partner ports: the Baltic, 
the North Sea, the Atlantic Ocean (including the English Channel and the Irish Sea), the Mediterranean and the 
Black Sea. 
1. The Baltic: 
Danish ports below the Helsingborg–Korsør–Nyborg–Kolding line (including Helsingor).  
All ports of Finland, Estonia, Latvia, Lithuania and Poland as well as German and Russian ports on the Baltic.  
The Swedish ports on the Baltic from Helsingborg (included).  
2. The North Sea:  
All ports of Norway, the Netherlands and Belgium as well as the ports of Germany on the North Sea.  
Swedish ports on the North Sea from Helsingborg (excluded).  
Danish ports on north of the Helsingborg–Korsor–Nyborg–Kolding line and North Denmark (excluding Helsingor). Faroe 
Islands.  
United Kingdom: ports on the east coast of Great Britain from Ramsgate (included) to Cape Wrath in Scotland, the Shetland 
Islands and Orkney Islands.  
3. The Atlantic Ocean:  
United Kingdom: ports of Great Britain on the Channel (from Ramsgate excluded) and the west coast to Cape Wrath in 
Scotland; ports in Northern Ireland.  
All ports of Ireland, Portugal (including Açores and Madeira) and Iceland.  
French ports on the Atlantic Ocean and on the Channel, up to the Belgian border.  
Spanish ports on the Atlantic Ocean to Tarifa (included); Canary Islands are included.  
4. The Mediterranean:  
Spanish ports on the Mediterranean from Tarifa (excluded).  
French ports on the Mediterranean.  
All ports of Malta, Italy, Slovenia, Croatia, Bosnia-Herzegovina, Montenegro, Albania, Greece, Cyprus, Syria, Lebanon, Oc-
cupied Palestinian territory, Libya, Tunisia, Algeria and Gibraltar.  
Ports of Morocco, Egypt and Israel on the Mediterranean.  
Ports of Turkey on the Mediterranean (including the ports on the Bosporus).  
5. The Black Sea:  
All Black Sea ports excluding the ports on the Bosporus.  
6. Others:  
Non-identified ports of Denmark, Germany, Spain, France, the United Kingdom, Israel, Morocco, Russia, Sweden, Turkey 
and Egypt; river ports of EU countries.  
Ports located in Morocco–West Africa, Egypt–Red Sea, Israel–Red Sea and Russia–Barents and White Seas are not part 
of the European short sea shipping area.  
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